Under rainfed rice-wheat cropping system, experiments were conducted on wheat variety Annapurna-2 from 1998 to 2002 to study the effect of continuous application of inorganic and organic fertilizers in longer run on wheat production and soil properties in alluvial soil of Khumaltar, Lalitpur at 1365 msal. Eleven different fertilizers combinations comprised of inorganic and organic fertilizers were used. The results of the five-year experiment indicate that the applications of optimal level of inorganic fertilizers could supply the plant nutrients to wheat crop to produce sustainable yield. On the other hand, organic fertilizers could help to increase the crop yield and maintain soil fertility at the same time. Residual effect of available phosphorus applied in previous rice crop had significant response on wheat yield. For maintaining soil fertility, application of FYM and incorporation of crop residue into soil are worth practicable.
With the increasing population every year, the pressure for increasing food production has also increased to feed the increasing population. This has compelled people to introduce high yielding crop varieties. With the introduction of such high yielding crop varieties, the use of chemical fertilizers have also been increased. The application of inorganic fertilizers however, are not judicious or as per recommendation (Maskey et al 2000) . Continuous application of acidifying fertilizers for long period; especially ammonium sulphate and urea have turned the soil into acidic conditions which in turn have affected on the unavailability of nutrients to crops other than degrading soil health and environment, too.
In the hill agriculture, application of FYM is a common practice. Quality FYM helps improve physico-chemical properties of soil and makes soil nutrients available to plants gradually for longer period. Inorganic fertilizers while in combination with organic fertilizers help improve soil health and sustain crop yield. For better crop production, combinations of both play important role. Fertilizer use, though has been a prime contributing factor for the increased agricultural productivity in these areas, there are situations when they are not available in right time and adequate quantity despite high priced. Additionally, there is a risk of environmental hazards due to their imbalanced application resulting into declined soil fertility, crop productivity, and environmental instability. On the other hand, inadequate plant nutrients supply has been considered as one of the factors of lower crop productivity.
The long-term effects of using inorganic fertilizers are of great significance in relation to sustain the crop yield, maintain soil fertility and protect the environment as well. For a resource poor country like Nepal, the use of fertilizer alone may not be a viable solution to sustain the crop yield and maintain soil health under rice-wheat system; the predominant cropping system. In order to study these effects, experiments on the use of inorganic fertilizers and organic manure on wheat production under rice-wheat system were initiated in 1980/81 in various locations of the country. This study is also a part of the experiment. This experiment in particular has been started in 1993 at Khumaltar with the objective of studying the effect of long-term application of chemical and organic fertilizers on the wheat yield and soil properties.
MATERIALS AND METHODS
The experiment was laid out in a randomized complete block design (RCBD) as described by Gomez and Gomez (1984) with eleven treatments replicated four times. The details of the treatments are given in Table 1 . Since the experiment was in rice-wheat cropping system, the fertilizer details of the rice season are also shown in the table. The size of each plot was 4-× 3-m. Nitrogen, phosphorus and potash was supplied through di-ammonium phosphate, urea and muriate of potash, respectively. Full dose of phosphorus and potash and half dose of nitrogen were applied at the time of sowing. Full dose of organic manure was applied at the time of final land preparation. The seeds of wheat variety Annapurna-2 were sown in rows with spacing of 20 cm. The remaining half dose of nitrogen was top dressed at crown-root-initiation stage. Yield and yield attributing parameters; tiller number, panicle number, length, plant height, 1000-grain weight were recorded. Composite soil samples were taken after each crop harvest for chemical analysis. Statistical analysis was done in IRRISTAT (2005) . Plant height: Plant heights in different years were not affected significantly by treatments (Table 3) . On combined analysis, the treatment effects were significant (p = 0.000). The response due to year was also significant (p = 0.000). The highest plant height of 89 cm was recorded from the treatment 6 (100:40:30 N:
). Most of the treatment effects were at par except the treatment 1 (Control), which produced the least mean plant height of 78.8 cm. Over the years, the highest plant height of 111.6 cm was recorded from the treatment 10 (FYM 10 tons ha -1 ). Interaction between treatment and year was significant (p = 0.04).
Panicle length: Except 1998 and 2001, the panicle length analysis showed a significant response (p < 0.00) over the years (Table 4) ). Panicle length was significantly affected by the recommended dose of the inorganic fertilizers.
Grain yield:
The treatment response on grain yield was insignificant in most of the years except in 2000 (P = 0.002) ( Table 5) . On combined analysis, the response was significant (P = 0.004). The highest mean grain yield of 2929 kg ha -1 was recorded from the recommended dose of NPK ie treatment 5 (100:40:30 N:P 2 O 5 :K 2 O kg ha -1 ) indicating the better response of wheat to applied nutrients through inorganic source. The balanced application of nutrients has its incremental effects on wheat grain yield. Similar findings have also been reported from the long-term fertility (Yadav et al 1998) . Increment in the wheat grain yield could be due to application of phosphorus that might have been available from the phosphorus applied in previous rice crop. The effects of phosphorus in wheat grain yield have also been reported by Yadav et al (1998) , Bhattarai and Mishra (1998) and Regmi (1998) . Finding of Brar et al 1998 also confirms the significant response of P on wheat production. The effect of the application of FYM @ of 10 tons ha-1 (treatment 10) was also encouraging (2449 kg ha -1
). The lower yield from treatment 10 was possibly due to low mineralization rate as affected by lower temperature and moisture condition during crop growth period (Bhattarai and Mishra 1998 , Tripathi and Suwal 1999 and Pandey et al 1998 . Residual effect of soybean was observed on wheat yield on combined analysis.
Straw yield:
The response of the treatment was significant (P < 0.05) except in the years 1998 and 2001 (Table 6 ). Treatment responses were varied over the years. However, in the combined analysis over the years, the highest straw yield was obtained from the treatment 5 (100:40:30 N:P 2 O 5 :K 2 O kg ha -1 ) followed by treatment 7. Similar findings have been reported by Bhattarai and Mishra (1998) . It could have been due to higher nitrogen application in the treatment. Straw yields are higher in the treatments with recommended dose of fertilizers. Like in grain yield, wheat straw yield was significantly higher in the treatments where green manure was applied in rice season and recommended dose of fertilizer was applied in wheat indicating the sufficient supply of the nutrients to crop.
Effects on soil properties
Nitrogen: Variations in soil nitrogen due to various treatments were insignificant in combined analysis of the data over the years. However, there were increments in soil nitrogen in every treatment at the end of the five years. Similar findings have been reported by Bhattarai and Mishra (1998) . Higher nitrogen percent in treatment 10 (Table 7) could possibly due to increasing soil humus content through continuous application of organic fertilizer (Larson and Clapp 1984) .
Available phosphorus:
On combined analysis, the treatment effects were insignificant. Variation due to years on available soil phosphorus was significant (Table 7) ) which could have been resulted due to the residual effect of the soybean incorporated in the rice season. Gami and Sah (1998) also reported similar finding in the long-term experiment. Considerable amount of available P was build up with all rates of P application confirming with the result of Brar and Pasricha 1998. However, addition of straw to 50 kg N ha -1 could not increase the available phosphorus in soil (Treatment 8). The second highest available phosphorus in soil was recorded in treatment 5 followed by treatment 6 in which recommended dose of phosphorus was applied continuously. The lowest available soil phosphorus (52.55 kg ha-1) was recorded in treatment with no nutrient at all. Treatments with application of lower amounts of phosphorus had also lower available phosphorus in soil. Organic matter: The highest soil organic matter was recorded in treatment 10 which had continuous supply of FYM @ 10 ton ha -1 (Table 7) followed by treatment 8 in which 15 cm of rice straw (stubbles) was incorporated into the soil along with 50:0:0 N:P 2 O 5 :K 2 O kg ha -1
. Gami and Sah (1998) have also reported the increment of organic matter in soil when FYM and chopped straw was applied in the soil. Soil organic matter content, in general was high in almost all treatments having high phosphorus or FYM application. It could be due to high amount of root and stubbles incorporated into the soil (Regmi 1998) . Treatment effects of soil organic matter content were highly significant and the effect over the years was significant.
CONCLUSION
The result of this long-term experiment under rice-wheat cropping system demonstrated that the sustainable wheat production could be possible through inorganic fertilizers application with optimal level of NPK and high yielding variety under rice-wheat system in rainfed conditions. Single application of nitrogenous fertilizers or organic manures could not supplement the nutrients in sufficient amount required by the wheat crop for sustainable production under rainfed conditions. Further study should be continued focusing more on the use of the combination of inorganic and organic manure in various ratio in order to identify the best combination that would result into sustainable production along with better soil fertility and environment-friendly conditions.
